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(57) The term "an aqueous, phenolic, bark extract* as used 
throughout the specification and claims is hereinafter defined as 
an aqueous solution including at least some phenol or phenolic 
material, having been extracted from bark, such as for example 
bark from trees or shrubs. 

Claim 1. A met'iod of treating an aqueous, phenolic bark extract 
including: 

adjusting the pH of said extract so that the pH is above 

pH 7; 

maintaining said extract temperature above 49°c for a 
period of up to 90 minutes; 

adjusting the pH of said extract to below pH 7. 
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T?his inv ntion relates to the recovery of useful compounds 
from vegetable matter and has been devised particularly to provide 
a method for the recovery of phenolic compounds f rem the hark of 
trees and/or shrubs for use in the manufacture of bonding, sizing 
and coating agents, and various resins* While the invent ion wiA l 
jrr 4e fig £*fegg-^U=h ceiweftge-fee feagk— should be approciQfecd -fehat 
this is by way of ex^pl^'on'ly^-a&d thajb^her^ vegetable matter can 

- be uoodtf ; — — — ~~ ' " " " 

The baric of trees and shrubs, although v^-ying in composition 
between species contains significant amounts of phenolic materials 
capable of reacting with aldehydic substances, and such phenolic 
material or at least part thereof may be extracted for use in the 
manufacture of certain bonding, sizing and coating agents, and 
various resins. Although it is a relatively simple matter to 
prepare acjueous phenolic extracts from bark in the la^ratory the 
phenolic materials contained in the extracts are very reactive* 
and considerable difficulty is experienced in preventing or mini- 
mising premature reactions, these premature reactions conroitting 
reaction sites which would otherwise be available, thereby making 
the extracts obtained less useful, and of excessively high viscos- 
ity even at low concentrations- Even as the tree or shrub grows, 
and also during storage of the *ark and the extraction process 
premature reactions are advancing, cooffaitting useful reaction sites 
which would otherwise be available, so that although precautions 
can be taken, up until this time, no means has been known for 
preventing these premature reactions from taking place at the 
present time although the problems they cause are well known- 

Tlie only satisfactory aqueous extract of bark readily available 
at the present time is derived from wattle (acacia) species by a 



hot water extraction process. However , wattle species 
are not grown in sufficient quantities in many regions 
and the hot water extraction process is not favoured for 
ase with most bark species principally on the account of 
the uneconomical ly low yields of extractives obtained. 
Even when the hot water extraction method is used with 
preferred bark from wattle species problems caused by 
premature reactions still occur. 

Bark is a waste product of forest industries and is 
available in substantial quantities but to be useful as a 
source of phenolic materials it is essential that an 
extraction method suited to the predominant bark species 
available in a particular region be provided. 

It is therefore an object of the present invention 
to provide a method of treating a phenolic material from 
vegetable matter such as bark, such as from trees, shrubs, 
and the like, and for use in the manufacture of bonding, 
sizing and coating agents, and in various resins. 

Hie term "an aqueous, phenolic, bark extract" as used 
throughout the specification and claims is hereinafter 
defined as an aqueous solution including at least some 
phenol or phenolic material, having been extracted from 
bark, such as for example bark from trees or shrubs. 

According to this invention there is provided a 
method of treating an aqueous, phenolic, bark extract 
including! 

adjusting the pH of said extract so that the pH is 
above pH 7; 

maintaining said extract temper* -.ure above 49°C 
for a period of up to 90 minutes; 



adjusting the pH of said extract to below pH 7. 
For the purposes of description, and by way of 
xample only, reference is made to the accompanying drawings 
wherein: 

Figure l r is a flow diagram illustrating the 
application of the present Invention in conjunction with a 
preferred method of extracting substantially phenolic 
material from bark. 



For the purpose o£ this invention premature reactions of 
phenolic molecules are defined as those reactions which 1 produce 
substances of higher molecular weight, involving reaction sites 
of the phenolic molecules while they are contained in the vogo 
■ Hrste*e mMrtwp or baric, or in extracts derived from such bark prior 
to their use* Premature reactions of phenolic molecules occur 
in the hark of growing trees or shrubs, in hark during transpor- 
tation and storage, in the extraction process and in the extract 
during treatment and storage. 

The phenolic molecules contained in bark have numerous re- 
action sites and can be readily involved in chemical reactions to 
form stable substances of higher molecular weight. These re- 
actions form the basis of the usefulness of phenolic extracts 
derived from bark for purposes such as bonding and sizing agents, 
coating agents and various resins. However, because these 
phenolic molecules readily react they do so prematurely to seme 
extent thus committing reaction sites which would otherwise be 
useful, and causing processing difficulties due to high viscosities 
in the extracts. Our Now a a a land patent specification No. 
'' ■■' 17 9 9 33 describes and claims a method of forming an aqueous 
phenolic extract derived from bark. 

We have found that the premature reactions in which the 
pbenolic molecules become involved can be clearly distinguished 
frcm the intended reaction with aldehydic materials in that the 
premature reactions can be largely reversed or the products dis- 
mantled to again make the reaction sites available while the 
intended reaction with aldehydic material is considerably more 
permanent . 

we have found therefore that a commercial process can.be 



provided for tbe treatment of substantially phenolic extracts 
derived from the bark of trees and/or shrubs of a vide range of 
baric species by providing conditions of extraction which m inim ise 
tbe advancement of premature reactions and following extraction, at 
S:> least prior to use of the resultant phenolic extract providing 

conditions -Which substantially reverse premature reactions which 
have taXen place and involve phenolic molecules contained in the 
extract, Xf substantially phenolic extract in aqueous form, 
derived from bark but exhibiting high viscosity due to higher 
10. molecular weight substances contained therein and resulting at 

least in part from premature reactions as defined Hereinbefore, 
is adjusted to abcive pH 7 by addition of a suitable base and tbe 
extract then heated to a temperature above 49°c ior a substantially 
predetermines time, a useful reduction in viscosity results as 
15. higher molecular weight substances are at least in part dismantled 

to lower molecular weight substances. Furthermore, following 
heating at a pH above pH 7 for a substantially predetermined time, 
tne pH may be reduced or adjusted to within an optimum pH range of 
{21 4 to pB. 7 prior to use by addition of suitable acid* It will 
20- be appreciated that the means disclosed of improving substantially 

phenolic extracts derived from baric may be employed independently 
of the particular method used to derive the extract from the bark, 
and irrespective of the species of tree from which the baric Has 
come- For example, Hot water may be used to extract substantially 
25. phenolic material /from the bar*, of some species of tree by an 

infusion method, while especially formulated aqueous solutions 
containing compounds selected to control degradation reactioas 
and/or to increase yield may be employed to extract substantially 
pbenolic material from the baric of other species, but the means 
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disclosed in the present invention to improve substantially 
p henolic extracts derived from baric may be used in conjunction 
with the extraction method employing hot water, the extraction 
method employing solutions containing various compounds, or other 
extraction methods . 

Preferably the pH of the substantially phenolic extract is 
adjusted to at least jfl 8 at the ccuHnencesaent of the trea t me nt , 
more preferably to between pB. 8 and pH 9, using a suitable base* 
Suitable bas^s include sodium and/or potassium hydroxide for 
example „ Sodium hydroxide is preferred because it is low in cost. 
The substantially phenolic extract, adjusted to above pH 7, 
preferably to at least pH 8 is heated to a temperature above 49°C 
and preferably to at least 60°C for a substantially predetermined 
time. A suitable acid is then added to reduce the pH of the 
substantially phenolic extract to within a preferred range of pH 7 
to pB 4. more preferably between pH 5 and pH 6.5. We have found 
the suitable pH range to be pH 7 to pH 4 by preparing wood particle 
boards from extracts adjusted to various pH values and this is 
described further herein. We have used numerous acids to adjust 
the pH to within the desired range including both organic and 
inorganic acids and some have been found to produce superior 
extracts to others as determined by their effectiveness to function 
as bending agents in particle boards when reacted with aldehydic 
substances. Suitable acids include sulphuric and acetic acids , 
these being examples only- Sulphuric is a low cost acid* while 
acetic although more costly, produces superior extracts. The 
choice of acid therefore may be related to economics to some 
extent/ and the purpose for which the extract is to be used- 
we have found that cooling the extract prior to addition of acid 



produce* a slightly superior product in teams of its use as a 
bonding agent- As described further her in However it is necessarj 
to concentrate the extract at some stage prior to use and clearly 
where concentration by evaporation is to be employed, which is 
the usual method, it is undesirable to cool the extract first on 
account of the additional heat energy then required to concentrate. 
We have found that the improvement in extract quality ga^ed by 
cooling prior to addition of acid is outweighed by the additional 
beat energy required to concentrate, and for this reason it is 
preferred not to cool the extract where a concentrating stage 
follows. It is preferable for example, to inject the hot extract 
straight into a spray dryer, the energy saving being more signifi- 
cant than the slight improvement in quality which may result when 
extract is cooled prior to addition of acid. Notwithstanding 
this however, it is emphasized that degradation of the extract 
advances more rapidly when it is hot and if extract is to be held 
ia storage for any reason prior to further processing, it should be 
cooled to avoid excessive degradation. The extract should also 
be cooled to near ambient temperature prior to storage when 
processing is completed. The temperature to which the substantia- 
lly phenolic extract may be heated after adjustment of the pH to 
above pa 7 is limited by the boiling point of the extract at 
atmospheric pressure, unless pressure vessels are used and these 
are not preferred for economic reasons . The preferred temperature 
range is therefore between 60°C and near iOO°C and more preferably 
between 60°C and 90°C The substantially phenolic extract must 
be heated for sufficient time to enable the desired reaction to 
taxe Place. We have found that 90 minutes is sufficient time, 
shorter times being preferred^ at temperatures near the top end 
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of the teraperatur range. Typically 60 minutes is sufficient time. 

To determine the pH range to which the substantially phenolic 
extract shouia he adjusted following heating above 49°C at pH 
above pH 7 we have prepared numerous wood particle boards using 
aqueous extracts as beading agents, adjusted to various pH values 
using suitable acids as disclosed herein. "These particle boards 
were tested by determining their ultimate tensile strength per- 
pendicular to the faces/ commonly taxown as internal bond and the 
results used to construct Graph No. 1 which shows the variation 
in internal bond with changes in pH of the treated aqueous 
extracts used as bonding agents. Graph No. 1 shows the effective- 
ness of substantially phenolic extracts over a pH range when used 
as bonding agents for bonding wood particle boards. It will be 
appreciated of course that the actual value of internal bond is 
dependent on conditions such as density/ of the particle board and 
may depart from the values shown, but the significant point, i.e. 
the effectiveness of the extract: as a bonding agent when adjusted 
to various values of pH remains substantially as shown in Graph 
So, .1. Referring to Graph No. 1 it will be seen that the extract 
is most effective as a bonding agent when the pH is between near 
FH 4 and pH 6.5, particularly between pH 5 and pH 6.5/but below 
pH 4 ana above pH 6.5 the effectiveness of the extract as a bonding 
agent deteriorates rapidly - 
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By way of example, th use of the invention in conjunction 
with the extraction of substantially phenolic material from the 
bar* of Pinus radiata will now he described. The bar* from o.her 
species including Vj£2£ «>nderosa, Pinna elliottij, P i nus pinaster ., 
P ^ r psenaofaauca taxifolia . Eucalyptus regnans. Eucalyptus 
gelegajgaaAa, «ould provide similar examples . It will be appreci- 
ated that the process must he suited to the hark derived from 
species growing in a particular region and pjnus radiata has 1 
chosen because it is the predominant specxes growing in New Zealand- 
It should not be implied however that phenolic extracts can be 
prepared from the baric of any species of tree as some barks contain 
very little useful phenolic material and the economics of extracting 
this phenolic material from them becomes unattractive. Conversely, 
certain species not grown in sufficient quantity in New Zealand 
such as Acacia species have baric with a very high phenolic material 
content which can be simply extracted using hot water infusion. 
Extraction of T.i^s radiata oarx is more difficult than this 
However and ,e lave found that chemical compounds must be employed 
when manufacturing commercial extracts from this species as 
described and claimed in our New Zealand patent specification No. 
179933o Figure 1 is a flow diagram showing a preferred form of 
the present invention used in conjunction with a preferred method 
of extracting substantially phenolic material from bark as dis- 
closed in our New Zealand patent specification No. 179933. The 
extraction method is represented by tbat part of the process A-B-C 
and the present invention oy tbat: part of the process C-P. The 
extraction method A-B-C is a preferred counter current method 
wher in an aqueous extraction solution flows in one direction (A-C) 
and bark particles flow in the counter direction (E-F) . Water 
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entering the process at A -tends to wash extracted phenolic material 
and compounds from the spent hark before the hark emerges at P so 
that the phenolic material and compounds are not wasted. As the 
water which is heated flows in the direction indicated by the arrow 
marked AQUEOUS SOLUTION PLOW suitable compounds ace introduced at 
B . The compounds shown, sodium carbonate 

and sodium sulphite, are preferred compounds, selected to maximise 
yield of phenolic material extracted from the bark particles and 
to minimise the incidence of degradation or premature reactions 
which may take place during the extraction process. Other 
compounds may also be used however- The water entering the 
process at A may be naturally acidic, i.e. less than pH 7 but 
vhen the preferred compounds are introduced the pH increases as 
shown. Because the substantially phenolic material extracted 
from the bark is acidic however the pH tends to fall again as this 
material is extracted into the aqueous solution. "When the 
extraction process is completed as represented by C the bark par- 
ticles and aqueous solution are separated by suitable means, the 
hark particles continuing through the process as indicated by the 
arrow marked BARK PARTICLE PLOW and the aqueous solution, now 
containing phenolic material extracted from the bark particles 
being tne substantially phenolic extract. The substantially 
. phenolic extract now has a suitable base introduced to raise the 
pH to about pH 7 and preferably at least pH 8, svdium hydroxide 
as shown, being a suitable base. Other bases may also be used 
nowever. During that part of the process C_D the temperature 
of the substantially phenolic extract is maintained above 49°C 
and preferably at least 60°C, the combination of pH and temperature 
dismantling higher molecular weight phenolic material to lower 
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„olecular weight phenolic materi X w«* an attends reaction to 
viscosity « the extract, Mter a s^stantially preaetermined 
ti»e Has elapsed Heating of the extract Is ceased and at D a 
suitable acid is introduced to lower the pB to below 6.5 after 
which the substantially phenolic extract «-rg«s from the process 
a* G. Acetic acid is a suitable acid, other acids nay also be 
ueed however. Prepared bark particles are introduced to the 
extraction section of the process at B and after h-ving a pro- 
portion of the phen^ic material extracted theref tea finally 
aaerge at F where we refer to them as spent baric. 

„. have found that at »se ti«e prior to use. the extract 
^ *e concentrated since it is difficult to obtain extract with 
e dry solids content higher tbar. near 5 or 6 parts per centum by 
^ass unless see concentrating is resorted to. and dry solids 
contents greater than this are required for most purposes . 
concentration by evaporation for example, is suitable and where 
the present invention is ployed in conjunction with an extraction 
process on. or acre concentrating steps may be employed. Sor 

. ^y-rofluced i>rior to introducing 
example, concentrating steps may be introduces pro. 

a suitable base or bases at C or after introducing a suitable be e 
or fcases at c. prior to introducing a suitable acid or acids at 
D cr after introducing a suitable acid or acids at D. It xs 
preferred that at least prior to use, the extract should be 
concentrated to over 20 parts per centum by mass of dry solids 
w suitable means, and may be concentrated to dryness by spray 
crying for example to facilitate storage, to be again mixed with 
water prior to use. The extract may be concentrated to dryness 
at the c«spletion of an extraction process and stored, end the 
treatment of the present invention employed on an agu ous solution 
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prepared by mixing the dry extract with, vater prior to treatment 
and use at a later time. 

Where acids, bases and various compounds are mentioned, it 
will be appreciated that their anhydride equivalents may also be 
used since the invention is an aqueous process. 

It has been found, that when stored in an aqueous condition, 
the extracts have a shelf life {that is they deteriorjate in 
storage) . Shelf life is shortened if extracts are stored at high 
temperatures. 

It. has been explained that premature reactions which involve 
phenolic molecules contained in and derived f rem the baric can be 
largely reversed by the process of the present invention- The 
invention enables phenolic extracts of high quality to be prepared 
but does not: prevent these extracts from deteriorating due to 
storage in adverse conditions at high temperatures for example, 
or due to storage for very long periods of time (such as a year, 
prior to use). We have found that generally wheti extracts have 
deteriorated after manufacture, {the deterioration being usually 
apparent by high viscosity when the extract is in aqueous 
solution and/or by a reduction in the effectiveness of the extract 
as a bonding or sizing agent for examplt?/ when reacted \*ith 
aldehydic material) the useful properties can be again largely 
restored by passing the extract in aqueous solution, through the 
process of the invention. If extract is found to be faulty due to 
deterioration as explained above ii may be re-cycled through the 
process, that is, by adjusting the pH of the faulty oxtracx; in 
aqUGOiif. solution to above pH 7 and then completing the process, in 
the usual way as described "herein. 

It should be appreciated that this invention has been 
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described by way of example only and other means may be used to 
manipulate the pH and temperature as is necessary for proper 
operation of the process* Also concentrating, separating, 
filtering ana storage stages may be added without departing fxcm 
the scope of tbe invention, as defined by the appended claims. 
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THE CLAIMS DEFINING THE INVENTION ARB AS FOLLOWS i 
1. A method of treating an aqueous, phenol! c., oxtraot from par *j/ 
including: 

adjusting the pH of said extract so that the pH 
5. is above pH 7; 

maintaining said extract temperature above 49°c 

for a period of up to 90 minutes; 

adjusting the pH of said extract to below pH 7. 

2. A method as claimed in claim 1 and wherein the extract is 
10 .maintained at a temperature of at least 60°C. 

3. A method as claimed in either of the preceding claims and 
wherein the extract is maintained at a temperature of above 
49°C for 60 minutes . 

4. A method as claimed in any one of the preceding claims, 
15. and wherein the extract first has the pH adjusted to at least 

pH 8. 

5. A method as claimed in claim 4 and wherein the pH is adjusted 
to between pH 8 and pH 9. 

6 A method as claimed in any one of the preceding claims and 
20 .wherein a base is added to the extract to adjust the pH to 
above pH 7*. 

7. a method as claimed in claim € and wherein a base is sodium 
hydroxide and/or potassium hydroxide. 

8. A method as claimed in any one o£ the preceding claims and 
25. wherein after maintaining said extract at a temperature of 

above 49°C the pH of the extract is adjusted to between 
pH 4 and pH 7. 

9. A method as claimed in claim 8 and wherein the pH is 
adjusted to between pH 4 and pH 6.5. 



10- A method as claimed in any of the prec ding claims and 
wherein an acid ie added to the extract to adjust the pH of 
the extract to below pH 7. 

11. A method as claimed in claim 10 and wherein organic and/or 
5 . inorganic acids are used to adjust the pH of said extract to 

Jjelow pH 7. 

12 . A method as claimed in claim 11 using sulphuric and/or 
acetic acids. 

13. A method as claimed in any one of the preceding claims 
10 .wherein the extract is cooled prior to the pH being adjusted 

to below pH 7. 

14. A method as claimed in any one of the preceding claims and 
wherein the extract is cooled to near ambient temperature 
following the pH being adjusted to below pH 7. 
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DATED: 16 July, 1981 

PHILLIPS ORMONDE & FITZPATRICK 
Atcomeys for: 
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